adiographically guided cardiac interventions, such as percutaneous coronary intervention (PCI) and catheter ablation of accessory pathways, are frequently performed. In particular, the PCI procedures are becoming more complex, and are frequently repeated (eg, for restenosis), that the incidence of radiation-induced organ injuries, including skin injuries, has increased in both Western countries 1,2 and in Japan. 3, 4 Although a correlation between radiation exposure and the clinical, anatomical and technical factors of PCI was reported from a single center, [5] [6] [7] [8] [9] [10] [11] there have been no reports concerning radiation exposure during PCI in more than one center in any country. In the present study we examined the influence of the patient, procedural and hospital characteristics included in the Nationwide Database for Cost Analysis of percutaneous transluminal coronary angioplasty (PTCA) in Japan 12 on fluoroscopic time, which is a reflection of radiation exposure.
Methods

Study Population
Of all the patients registered in the Nationwide Database of Cost Analysis of PTCA, 12 445 consecutive patients who had undergone PCI between November 1996 and March 1999 in 11 hospitals and for whom the fluoroscopic time was recorded, were eligible for enrollment in this study.
Percutaneous coronary intervention (PCI) has been associated with excessive radiation exposure, so the present study was designed to investigate the determinants of fluoroscopic time during PCI among characteristics inherent to the patient, procedure and hospital in 388 consecutive patients between November 1996 and March 1999 in 11 hospitals included in the Nationwide Database for Cost Analysis of percutaneous transluminal coronary angioplasty in Japan. Fluoroscopic time, which reflects radiation exposure, was used as the dependent variable in a multiple linear regression analysis. The mean fluoroscopic time was 27±15 min. The negative value of partial correlation of the hospital code (r=-0.374) and acute myocardial infarction (-0.163) indicated that these were explanatory variables that decreased fluoroscopic time. The positive value of the number of intraaortic balloon pump catheters (r=0.144), the number of balloons (r=0.304) and hospital stay (r=0.147) indicated these were explanatory variables that increased fluoroscopic time. The absolute value of r, (r=0.374), of the hospital code was the highest. In the final R 2 (=0.304) of the model, which is the partial R-square that determined the dependent variable, the hospital code showed the highest value. In conclusion, there was an inter-hospital difference in fluoroscopic time. Although the hospital code was found to be the most powerful determinant of fluoroscopic time, the R 2 (=0.304) of the model showed so lower value that other hospital characteristics that were not included in the model may influence the fluoroscopic time. ( 
Dependent Variable
The influence of any of the defined characteristics on fluoroscopic time was explored using multiple linear regression analysis. In this investigation fluoroscopic time was used as the dependent variable.
Explanatory Variables
Explanatory variables that influence fluoroscopic time included patient, procedural and hospital characteristics, as shown in Table 1 . In our study, hospital code 12 was used in addition to the other explanatory variables, which were not able to determine the inter-hospital difference in fluoroscopic time. The complexity of the lesion on angiography was assessed using the modified American Heart Association/American College of Cardiology (AHA/ACC) grading system 13 and was classified as a type C lesion if the angiographic findings agreed with the grading system.
Statistical Analysis
The influence of patient, procedural, and hospital characteristics on fluoroscopic time was explored by multiple linear regression analysis. A stepwise method was used to select the explanatory variables as the result of the analysis of variance. Each model, which included explanatory variables, was determined by the partial R-square (R 2 = SR/ST), where SR is the regression sum of squares and ST is the total sum of squares. The higher the value of R 2 , the more the explanatory variables included in the model influenced the fluoroscopic time. Because the histogram of fluoroscopic time in the 388 patients was not normally distributed, the dependent variable was log-transformed (Fig 1) . The nominal variables, which included acute myocardial infarction (AMI), type C lesion, administrator and hospital code, were transformed to dummy variables. All the data were statistically analyzed using a commercially available SPSS package version 10.0J (SPSS Inc, Chicago, IL, USA).
Results
Sample Selection
A total of 445 patients in 11 hospitals were selected and of these 57 (13%) were excluded because of incomplete data. In total, data from 388 patients were analyzed.
Demographic Characteristics of the Patients
The mean age of the patients was 65 years ( Table 2) . Most of the patients were male (79%) and 34% of the patients had undergone primary angioplasty for AMI. The mean hospital stay was 19 days. The mean number of balloons, stents, intravascular ultrasound (IVUS), intraaortic balloon pumping (IABP) and rotablator catheters used in each patient are shown in Table 2 . Angiographically determined type C lesions accounted for 22% of the lesions, of which 80% corresponded to chronic total occlusion ( Table 2 ). The number of AMI in each hospital per year varied from 37 to 286, that of PCI, from 91 to 704, the number of coronary artery bypass surgeries from 20 to 170, and the number of beds, from 226 to 1,305 ( Table 2) .
The administrator and the hospital code of the 11 hospi- Table 2 , as is the mean fluoroscopic time (27±15 min).
Multicolinearity
The summary statistics of explanatory variables for Hospital administrator were shown in Table 3 . The number of beds was the largest in university which suggests a close relationship between university and the number of beds. Thus, either the administrator or the number of beds had to be eliminated to prevent multicolinearity between them.
Multiple Linear Regression Analysis
Because each hospital belongs to each administrator, as shown in Table 2 , there was a close relationship between the administrator and hospital code. Thus, either the administrator or the hospital code had to be eliminated. The R 2 (0.095) of the model that included administrator was lower than the R 2 (0.174) of the model that included the hospital code. Therefore, the administrator, including university, was eliminated because the R 2 was so low that the power of administrator to influence fluoroscopic time was weaker than the hospital code. As a consequence, we avoided multicolinearity between the administrator and the number of beds. By the stepwise method described earlier, several explanatory variables were eliminated (Table 4 ). All the patient characteristics were selected. As for procedural characteristics, the number of stents, IVUS catheters, rotablator catheters and type C lesion were eliminated. Regarding hospital characteristics, all except for hospital code were eliminated. It was elucidated that these eliminated characteristics did not influence the fluoroscopic time. The selected characteristics are listed in Table 5 . Because all the selected hospital codes were comparable to hospital code 40, the difference between the regression coefficient among these hospital codes had to be analyzed by t-test. As a result, there were no differences between hospital codes 14 and 23, nor between hospital codes 30 and 34.
The final result by multiple linear regression analysis is shown in Table 6 . The absolute value of R 2 (0.304) was the highest, so the hospital code was the most powerful explanatory variable influencing fluoroscopic time, which indicated that there was an inter-hospital difference in fluoroscopic time. The partial correlation for AMI (r=-0.163) showed a negative value, which indicated that AMI was an explanatory variable that decreased fluoroscopic time. The partial correlation for hospital codes 30 and 34 (r=-0.374) also showed a negative value. The partial correlation (r=0.144) for the numbers of IABP catheters and balloons (r=0.304) and hospital stay (r=0.147) showed a positive value, which indicated that these were explanatory variables that increased fluoroscopic time.
The absolute value of r (r=-0.374) of hospital codes 30 and 34 was the highest, so hospital code was the most powerful characteristic influencing fluoroscopic time ( Table 6 ). The negative value of the partial correlation of all the hospital codes indicated that these hospital codes were explanatory variables that decreased fluoroscopic time compared with hospital codes 18, 26, 32, 35 and 40. Thus, the hospital code was the most powerful explanatory variable influencing fluoroscopic time; however, the absolute value of R 2 (0.304) was so lower value that the other hospital characteristics, which were not analyzed in this investigation may have influenced fluoroscopic time. Table 7 shows the analysis of variance between the explanatory variables. The value of F (59.22) of hospital codes 30 and 34 is the highest, so hospital code is again the most powerful determinant influencing fluoroscopic time. The mean logarithm of fluoroscopic time in the 11 hospi- tals is shown in Fig 2 and it can be seen that the fluoroscopic time varied between the hospitals.
Discussion
This multicenter investigation is the first to analyze the determinants of fluoroscopic time in PCI procedures performed in various medical centers in Japan. The results of multiple linear regression analysis indicate that hospital code is the most powerful characteristic influencing fluoroscopic time.
Fluoroscopic Time
A patient's radiation exposure during a PCI procedure is always measured by area -exposure product, and dosearea product. 7, 9, 14, 15 Although the radiation dose was not measured in the present multicenter study, several investi- gators have reported that fluoroscopic time, as well as the number of images, was a factor related to radiation exposure during PCI. 1, 8, 16, 19, 20 Cascade et al investigated fluoroscopic time, total number of cine frames, and skin entrance exposure during PCI procedures. 5 Bernardi et al investigated the relationship between fluoroscopic time and the clinical, anatomical, and technical factors in 402 PCI procedures in a single center. 8 They suggested it was appropriate to use fluoroscopic time to analyze any characteristics that influenced radiation exposure.
Patient Characteristics
Bernardi et al reported that multiple linear regression analysis showed that none of the clinical factors significantly influenced fluoroscopic time. 8 However, in the present study all patient characteristics significantly influenced fluoroscopic time. For example, PCI for AMI negatively correlated with fluoroscopic time, which indicated that PCI for AMI patients had a shorter fluoroscopic time. Second, hospital stay positively correlated with fluoroscopic time, which indicated that a longer hospital stay prolonged fluoroscopic time in PCI. Weintraub et al indicated that length of stay was the most powerful correlate of cost in AMI by multivariate analysis, 21 so it was appropriate to use hospital stay as an explanatory variable in the present study.
Procedural Characteristics
Fluoroscopic time always increased with stent implantation compared with balloon angioplasty. Fransson et al measured radiation exposure during coronary angioplasty and concluded that the implanting a stent prolonged fluoroscopic time. 9 Katritsis et al also prospectively assessed the radiation dose in coronary angioplasty and showed an increase of the dose in ad hoc angioplasty using a stent. 14 Although we did not compare the fluoroscopic time for balloon angioplasty with that for stent implantation, the number of stents implanted did not significantly influence fluoroscopic time, which indicates that fluoroscopic time did not change with the number of stents.
With increasing use of new devices, including IVUS, it has been suspected that the fluoroscopic time has increased as the procedures become more complex. Bernardi et al showed that technical factors, including IVUS, significantly influenced fluoroscopic time. 8 Federman et al investigated the fluoroscopic time associated with new PCI devices and concluded that fluoroscopic time was prolonged with the use of new devices, including atherectomy or laser angioplasty, if adjunctive balloon angioplasty was used. 20 However, in the present study, the numbers of IVUS catheters and rotablator catheters were not independent variables influencing fluoroscopic time. The number of balloons and IABP catheters significantly influenced fluoroscopic time and increased use of balloons and IABP catheters prolonged the fluoroscopic time.
PCI for more complex lesions results in longer fluoroscopic time. Bernardi et al 8 showed that the anatomical factors assessed by the AHA/ACC grading system classification 13 significantly influenced fluoroscopic time; they also developed lesion complexity indices and showed a linear correlation with fluoroscopic time. Bell et al compared the radiation exposure during angioplasty for a total occlusion with that for a subtotal stenosis and showed that the estimate of radiation entry exposure increased for angioplasty for a total occlusion. 6 Padovani et al demonstrated a correlation between the complexity of the PTCA procedure and irradiation parameters, including fluoroscopic time, and showed that the presence of severe tortuosity and an occlusion of more than 3 months duration played a major role. 11 However, in the present study, a type C lesion, which is a complex lesion, did not significantly influence fluoroscopic time.
In all the other reports, 6, 8, 9, 11, 14, 21 which arise from single centers, the fluoroscopic time increased with the use of new devices and with more complex lesions. However, the result from the present multicenter study is different. The number of stents, IVUS catheters or rotablator catheters and type C lesion were not selected by a stepwise method. The absolute value of r of the number of balloons was higher than for the number of IABP catheters (Table 6 ). In other words, the number of balloons is more a powerful determinant influencing fluoroscopic time than any other procedural characteristic.
Hospital Characteristics
There have been no investigations of the relationship between fluoroscopic time and hospital factors for angioplasty.
Bernardi et al did not evaluate any hospital factors 8 and in the present study, none of the hospital characteristics, except for hospital code, influenced fluoroscopic time. The number of angioplasties and coronary artery bypass surgeries performed in a year, the number of AMI cases in a year, the number of beds, and the different administrators did not significantly influence fluoroscopic time. Because the absolute value of r (r=0.374) of the hospital code was the highest, hospital code was the most powerful determinant of fluoroscopic time compared with the patient and procedural characteristics. An analysis of variance between the explanatory variables showed that the value of F of hospital code 30 and 34 is the highest, so hospital code is considered to be the most powerful determinant influencing fluoroscopic time. These results indicate that there is an interhospital difference in fluoroscopic time.
We have previously indicated that hospital code could be the explanatory variable that determines the cost of PCI by R 2 , as an explanation of inter-hospital difference. 12 Weintraub et al 21 used multivariate analysis to investigate the determinants of hospital charges and costs in AMI. In order to examine the impact of different hospitals, the hospital was added as variable to the model containing all other significant variables and there was a large variation in cost between hospitals. Therefore, hospital code is an appropriate explanatory variable to show the inter-hospital difference in fluoroscopic time.
The absolute value of the R 2 (=0.304) of the model that included the hospital code was so lower value that the any other hospital characteristic; for example, the number of PCI performed by an operator per annum, the indication for angioplasty and the technique, none of which were included in the present investigation, are suggested to influence fluoroscopic time in the Nationwide Database for Cost Analysis of PTCA in Japan. Efforts are being made to decrease radiation exposure during coronary angioplasty, 15, [22] [23] [24] [25] [26] so it is important to elucidate the determinants of fluoroscopic time during PCI in order to decrease the radiation exposure and thereby reduce radiation-induced organ injuries.
Study Limitations
First, although 1,900 patients underwent PCI between December 1995 and August 1999 in 38 institutions included in the Nationwide Database for Cost Analysis of PTCA in Japan, the record of only 388 patients in 11 institutions were available for this analysis because there was not a description of fluoroscopic time for most patients in the other 27 institutions. The result might have been different if the data from the other 27 institutions had been available. Second, multi-lesion PCI and multiple PCI performed during the same admission were not included in the procedural characteristics. Bakalyar et al reported longer fluoroscopic time and higher area -exposure product for multilesions than for single lesion PCI. 7 Repeated angioplasty may increase radiation exposure and the extent to which a patient undergoes repeated PCI might contribute to organ injuries. Third, we did not have any reports of clinical cases complicated with radiation organ injuries. Finally, several patient and procedural characteristics were absent from the database; for example, serum creatinine concentration, which reflects renal function, and the type of fluoroscopy, both of which might influence fluoroscopic time.
Conclusion
This is the first study to investigate the determinants of fluoroscopic time during PCI in a multicenter study. It was concluded that hospital code was the most powerful determinant of fluoroscopic time.
